Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.002 Å; R factor = 0.039; wR factor = 0.112; data-to-parameter ratio = 11.4.
4-(4-
In the title compound, C 10 H 9 N 2 + ÁC 16 H 9 O 8 À Á2H 2 O, both the cation and anion possess crystallographically imposed centres of symmetry, causing the nitrogen-bound H atom in the 4-(4-pyridyl)pyridinium cation and the acidic H atom of the carboxylate groups at the 3 and 3 0 positions in the anion to be disordered over two positions with equal occupancies. In the crystal packing, the cations, anions and water molecules are connected by O-HÁ Á ÁO, C-HÁ Á ÁO and N-HÁ Á ÁN hydrogen bonds, forming layers parallel to (210). These layer are further connected into a three-dimensional supramolecular network by O-HÁ Á ÁO hydrogen bonds involving the water molecules as H-atom donors and by weak -stacking interactions between neighbouring benzene and pyridine rings, with centroid-centroid distances of 3.756 (5) Å .
Related literature
For related structures, see : Wang et al. (2006 ; Yang et al. (2007) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 2; Ày; Àz; (ii) Àx þ 1; Ày þ 1; Àz þ 1; (iii) Àx; Ày þ 1; Àz þ 1; (iv) Àx; Ày þ 1; Àz; (v) Àx þ 1; Ày þ 1; Àz; (vi) x þ 1; y; z; (vii) Àx þ 1; Ày; Àz.
Data collection: APEX2 (Bruker, 2005 ); cell refinement: SAINT (Bruker, 2005) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL. tion, magnetism, and luminescence. In general, hydrogen bonding interactions between ligands are specific and directional.
In this context, biphenyl-3,3',4,4'-tetracarboxylic acid and 4,4'-bipyridine are excellent candidates for the construction of three-dimensional network motifs (Wang et al., 2006; Wang et al., 2007; Yang et al., 2007) . Recently, we obtained the title compound under hydrothermal conditions and report its crystal structure here.
The asymmetric unit of the title compound contains one half of a monoprotic 4-4'-bipyridinium cation, one half of a 3-3'-4-tricarboxybiphenyl-4'-carboxylato anion and a water molecule, with both cation and anion possessing crystallographically imposed centre of symmetry ( Fig. 1) . As a result, the H1A nitrogen-bound hydrogen atom in the cation and acidic H2A hydrogen atom in the anion are disordered over two positions with site occupancies of 0.5. Bond lengths and angles are unexceptional. In the crystal packing ( Fig. 2) , cations, anions and lattice water molecules are linked by intermolecular O-H···O, C-H···O and N-H···N hydrogen bonds (Table 1) into layers parallel to (2 1 0). The layers are further connected into a three-dimensional network by O-H···O hydrogen bonds involving the water molecules as H-donors and by weak π-π stacking interactions involving neighbouring benzene and pyridine rings, with centroid-to-centroid distances of 3.756 (5) Å.
A mixture of 4,4'-bipyridine (0.078 g, 0.5 mmol), 4-4'-dicarboxybiphenyl-3-3'dicarboxylic acid (0.165 g; 0.5 mmol), water (10 mL) was stirred vigorously for 30 min and then sealed in a Teflon-lined stainless-steel autoclave (25 mL capacity). The autoclave was heated and maintained at 433K for 3 days, and then cooled to room temperature at 5Kh -1 to obtain colourless block crystals suitable for X-ray analysis.
Refinement
Water H atoms were located in a difference Fourier map and refined with the O-H distance restrained to 0.84 Å and with
. The H atom bound to the N1 nitrogen atom in the cation and the carboxylic H atoms were refined with distance restraints of N-H = 0.90 Å and O-H = 0.90 Å, respectively. The H1A and H2A hydrogen atoms are disordered over two centrosymmetrically related positions and were therefore refined with site occupancies of 0.5. All other H atoms were placed at calculated positions and treated as riding on the parent atoms, with C-H = 0.93Å, and with U iso (H) = 1.2 U eq (C).
supplementary materials sup-2 Figures   Fig. 1 . The molecular structure of the title compound showing the atomic-numbering scheme and 50% probability ellipsoids. Only one position of the disordered H atoms in the cation and anion is shown. Symmetry codes: (i) 1-x, 2-y, -z; (ii) 2-x, -y, 1-z; (iii) -x, 1-y, -z. Primary atom site location: structure-invariant direct methods Extinction coefficient: 0.071 (9)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

